with compensated liver disease face this complication. The incidence of VB amounts to approximately 5% (unless varices are of medium or large size; in that case, VB is three times more frequent), with a recurrence rate of 60% within 2 years [5] . If measured by hard outcomes such as survival, clinicians should then be aware of a high VB-related mortality reaching from 20% during the acute episode up to over 50% after 12 months [6] . Thus, it is crucial to strictly comply with evidence-based algorithms for the treatment of VB due to its significant impact on short-as well as longterm survival. In this light, VB should be preferably managed in the intensive care unit (ICU) (or at least the intermediate care unit) due to the imminent risk of re-bleeding and/or sepsis. As boosted fluid substitution may aggravate portal hypertension and provoke uncontrolled re-/bleeding, a restrictive transfusion strategy aimed at maintaining hemoglobin levels between 7 and 9 g/dl (using a transfusion threshold for hemoglobin levels < 7 g/dl) should be applied. This strategy has been proven to be significantly associated with less re-bleeding episodes and a higher 6-week survival in comparison to liberal transfusion practices [7] . If unavoidable, endotracheal intubation for airway protection (against aspiration) should be performed prior to endoscopy; prevention of HE with non-absorbable disaccharides is considered controversial in VB; however, a recent randomized controlled trial (RCT) revealed that lactulose had a stronger clinical benefit compared to a placebo in these cases [8] . In order to prevent post-VB infection and/or sepsis, prophylactic administration of antibiotics has been proven essential [5] . In this regard, a Cochrane meta-analysis that evaluated twelve RCTs including patients with VB (N > 1,200) has confirmed a reduction of bacterial infection and mortality rates (related to bacterial infection) as well as of re-bleeding rates and overall mortality in patients that received antibiotic prophylaxis [9] . In patients with advanced cirrhosis, i.e. Child-Pugh stage B and C, oral quinolones, e.g. norfloxacin, were shown to be effective but of inferior efficacy in comparison to intravenous ceftriaxone [10] . However, the use of prophylactic antibiotics should be adapted to the local epidemiological patterns of antibiotic resistance and to the individual patient's history of bacterial colonization/infection. Standard therapy for VB should combine endoscopic and pharmacological measures, as this combination has been proven to be superior to either single pharmacological or single endoscopic therapy [11] . Vasoactive drugs, such as terlipressin or somatostatin, should be administered as early as possible [11, 12] . Endoscopic variceal ligation (EVL) should also be performed as soon as possible (i.e. within 12 h) after VB. EVL is considered more effective when compared to sclerotherapy. Finally yet importantly, the use of transjugular intrahepatic portosystemic shunts (TIPS) is considered a rescue treatment for patients not responding to standard endoscopic and pharmacological therapy. Recently, early TIPS (to be performed within the first 72 h) has been recommended in association with standard endoscopic and pharmacological therapy for cirrhotic patients with Child-Pugh stage B and active VB or Child-Pugh stage C with <14 points [13, 14] . In case of severe bleeding with emerging shock, intensive care therapy should be aimed at i) stabilizing hemodynamics by holding systolic blood pressure at 80-100 mm Hg and/or mean arterial pressure (MAP) 65 mm Hg along with a heart rate 120 bpm; ii) restoring lactate clearance; iii) normalizing base excess and keeping ionized calcium levels > 1.0 mmol/l; and iv) maintaining adequate urine output [15] . TIPS might also be considered in some cases with compensated cirrhosis. Indeed, due to portal hypertension, the mucosa of the colon is swollen; therefore, not only mucosal resorption can be impaired but also the gut microbiome can get out of balance, which then likely favors development of sarcopenia. Administration of blood coagulation components should be performed according to clinically evaluated replacement algorithms based on thromboelastography; this tool allows rapid differential diagnosis, assessment of platelet activity, and accurate monitoring of the effectiveness of therapy [16] .
Hemostasis Dysfunction
In patients with advanced liver cirrhosis, low platelet counts along with attenuation/loss of their function, decreased concentrations of plasmatic procoagulant factors and/or vitamin K, hypofibrinogenemia or reduced levels of protein C and S create an instable equilibrium between prothrombotic and profibrinolytic pathophysiology. In the plasma of cirrhotic subjects, increased levels of the tissue plasminogen activator (tPA) have been reported in contrast to reduced levels of factor XIII, plasminogen, and alpha2-antiplasmin [17, 18] . These changes result from the fact that all proteins facilitating fibrinolysis are produced in the liver except for tPA and the plasminogen activator inhibitor 1. Viscoelastic tests, such as thromboelastography, provide evidence that patients with acute liver failure (ALF) or non-alcoholic steatohepatitis or cholestatic liver diseases are at risk for thrombotic complications based on a more prevalent hypercoagulability [19, 20] . Although the role of viscoelastic testing for the management of these patients has not been sufficiently studied yet, international guidelines already recommend that administration of antifibrinolytics and/or replacement of procoagulant components should be performed with caution [4] . In absence of previous history and/or other risk factors for hemorrhagic complications [21, 22] , low-molecular-weight heparin likely represents the safest choice of systemic anticoagulation in cirrhotic patients with extensive portal vein (and/or mesenteric) thrombosis without increasing the risk for VB [23] . However, clinicians should always be aware of the fact that (despite decreased antithrombin III concentrations) its anticoagulation effect in vivo remains practically unaffected [24] . More aspects of 'hemostasis dysregulation' are shown by Drolz et al. [25] in this focus issue of Visceral Medicine.
Renal Dysfunction
Patients with advanced liver disease, especially those with severe alcoholic steatohepatitis, are prone to develop acute renal failure, and, thus, inevitably progress to ACLF along with multi-system organ failure [26, 27] . Renal failure occurs in approximately 40-50% of cirrhotic patients admitted to the ICU, most commonly triggered by hypovolemia, systemic bacterial infections, acute tubular necrosis, or hepatorenal syndrome (HRS) [26] . Type-1 HRS is hallmarked by increasing serum creatinine levels of >2.5 mg/dl within 2 weeks [28] . Type-2 HRS predominantly emerges in nonazotemic cirrhotic patients with refractory ascites and moderate but relatively steady renal insufficiency. Beyond a spontaneous bacterial peritonitis (SBP) and/or other bacterial infections, an acute hepatitis flare-up, gastrointestinal bleeding episodes, and/or major surgical interventions usually render patients with cirrhosis more susceptible to the development of type-1 HRS (table 1) .
Type-1 HRS, which is associated with severe systemic inflammation (SI), has a poor prognosis with a median survival time of 15 days. Arterial vasodilation caused by SI leads to progressive attenuation of left ventricular function, which in turn aggravates circulatory dysfunction in patients with liver cirrhosis. Vasoconstriction of the kidneys and other extra-splanchnic vascular compartments is the result of a compensatory mechanism to maintain normal (arterial) blood pressure. Ongoing renal vasoconstriction downregulates renal perfusion and diminishes glomerular filtration rate [29, 30] . In contrast, portal hypertension is associated with local release of nitric oxide (NO) and other vasodilatory molecules in the arterial splanchnic circulation of cirrhotic patients. These changes favor the development of a hyperdynamic circulation (i.e. increased cardiac output along with tachycardia) as a physiological compensatory reaction to arterial hypotension. In end-stage liver disease, severe arterial hypotension along with terminal renal vasoconstriction and complete deterioration in effective arterial blood flow lead to HRS. Surprisingly, HRS does not strongly affect the 3-year survival rate of patients with HRS (60-65%) undergoing liver transplantation (LTx) compared to those without HRS (70-80%). Although LTx remains the most effective treatment for patients with HRS, most patients with type-1 HRS cannot be successfully bridged to transplantation because of a short median survival time. In such cases, vasoconstrictory drugs (especially terlipressin and noradrenaline) applied in combination with intravenous albumin may be able to cure HRS with a possibility of 40-50% [31, 32] . Meanwhile, published reports on the use of other vasoconstrictors such as midodrine are equally promising; however, terlipressin, as a well-studied drug, still represents a first-line therapy in clinical routine and should be administered in increasing dosage beginning with 0.5 mg/4 h. In the case that serum creatinine does not improve by >30% within 72 h, the infusion rate should be increased by 100%. A meta-analysis evaluating the efficacy and safety of noradrenaline versus terlipressin confirmed comparable results for both vasoconstrictors; however, noradrenaline had the undisputable advantage of much lower daily costs in comparison to terlipressin [33] . As stated in table 1, albumin should be co-administered starting with an initial dose of 1 g/kg of body weight up to a maximum of 100 g/day. To date, the use of TIPS still lacks evidence for (at least) an equally good outcome when compared to vasoconstrictors. Furthermore, there is significant proof suggesting that cardiac dysfunction aggravates HRS [34, 35] .
Cardiovascular Dysfunction
As already mentioned, progressive loss of the left ventricular function and reduction of cardiac output, which develops in decompensated cirrhosis, contributes to circulatory dysfunction. Recent data provided significant evidence for the role of tumor necrosis factor alpha(TNF-α)-related activation of the inducible NO synthase in cardiac tissue, suggesting that inflammation is causally involved in diminishing cardiac ejection fraction in cirrhosis [36] . In this light, it seems plausible why activation of the sympathetic nervous system, which attenuates intestinal immunity by altering the gut microbiota, contributes to progression of cardiovascular dysfunction [36] . Bacterial translocation silently activates the intestinal immune system, resulting in production and release of vasodilatory molecules such as NO. During progression of the disease, the lack of arterial effective circulating volume along with the consecutive activation of the renin-angiotensin system and the continuous non-osmotic release of the antidiuretic hormone from the pituitary cause an excessive retention of free water that leads to dilutional hyponatremia and advanced ascites formation [37] . Interestingly, albumin infusion is associated with a more favorable outcome in comparison to hydroxyethyl starch with regard to improving hemodynamic conditions including peripheral vascular resistance, left ventricular function, and cardiac output in patients with non-severe SBP [38] . However, despite conflicting data [39] , a more recent study failed to prove that albumin co-administered with crystalloids could improve overall survival although its use was associated with higher MAP and lower heart rate values when compared to single resuscitation with crystalloid in cirrhotic patients with SBP [40] . Of note, albumin has been proven capable of restoring endothelial function due to its attributes as a detoxifying and/or antioxidant substance. In addition, noradrenaline is strongly recommended as the vasopressor of choice while vasopressin should no longer be considered as a proper initial therapy in cirrhotic patients with circulatory failure. In case of a resuscitation-resistant hypoperfusion, dobutamine could be added to norepinephrine, especially if myocardial dysfunction is suspected. 
Adrenal Dysfunction
Patients with liver cirrhosis are at risk of developing adrenal insufficiency (AI); this complication is favored by reduced cholesterol synthesis and persistent endotoxemia along with coagulopathy that can cause severe damage in adrenal parenchyma [41, 42] . It is well known that cortisol is capable of regulating i) vascular tonus and permeability; ii) endothelial integrity; iii) distribution of water in body compartments; iv) suppression of cytokines such as TNF-α as well as interleukin(IL)-1 and IL-6 [42] . Thus, AI is considered as causally associated with life-threatening conditions such as multi-system organ failure due to refractory (septic) shock and bears a high risk of hospital mortality [41, 42] . Patients with advanced cirrhosis experiencing major stress, e.g. sepsis/septic shock, VB, or extensive surgery (including LTx), likely develop an AI defined as the difference Δ < 9 μg/l or 250 nmol/l between peak and basal cortisol level after standard challenge with adrenocorticotropic hormone or random serum total cortisol < 10 μg/dl or 276 nmol/l [41, 42] . Previous studies that predominantly included noncirrhotic patients with septic shock revealed distinct data regarding the impact of corticosteroids on mortality [43] . Two more recent trials enrolling critically ill patients with cirrhosis and severe sepsis/septic shock concluded that two-thirds of all cases developed an AI and that these patients showed a higher hospital mortality rate compared to patients without AI [44, 45] . Moreover, four independent parameters that predicted AI were identified: i) MAP, ii) vasopressor dependency, iii) bacteremia, and iv) serum bilirubin [46] . Moreover, patients with cirrhosis and septic shock who developed an AI exhibited a more severe hepatorenal and circulatory impairment and had a higher frequency of bacteremia and leukocyte counts. Retrospectively, administration of hydrocortisone was associated with improved in-hospital survival [44] . In a further effort to prospectively evaluate this finding, another trial could also confirm hemodynamic improvement; however, this study found that treated patients also had a higher risk for shock relapse (after interruption of therapy with corticosteroids) and gastrointestinal bleeding as well as severe hyperglycemia [46] . Hyperglycemia reportedly impairs neutrophil function and favors apoptosis and prothrombotic activity. Unfortunately, to date, there are no trials designed/conducted to define the optimal target range of glucose levels in the blood of critically ill patients with cirrhosis. Current literature recommends a glucose target range of 140-180 mg/dl for these patients [47] . This statement is based on results of an RCT that enrolled critically ill patients (N > 6,000; of those, 30% had an underlying liver disease but no confirmed cirrhosis). This RCT detected a higher mortality rate in patients treated intensively (with a glucose target range between 81 and 108 mg/dl) compared to those with a glucose target range between 140 and 180 mg/dl [48] .
Hepatic Encephalopathy
HE is a neurological syndrome often related to portosystemic shunts that can affect patients with ALF and can deteriorate quality of life and/or increase mortality in subjects with cirrhosis [49] . It is also characterized by a progressive but potentially reversible cerebral dysfunction with a wide symptomatology ranging from neuropsychiatric to motor symptoms and from slightly altered cognitive function to coma. Apparently, nystagmus, seizures, and transient focal deficits are less common [50] . Once the first episode of acute HE occurs, the probability of survival without LTx drops to 42% at 1 year and 23% at 3 years [51] . The in-hospital mortality rate for patients suffering from severe HE in the ICU is 35%, and the 1-year mortality rate is approximately 55% [52] . Although not all mechanisms driving the pathogenesis of HE are clear yet, the leading hypothesis remains the lack or failure of functional hepatic pathways to eliminate nitrogen-derived products (e.g. ammonia) [53] . Apart from the presence of a liver disease, diagnosis of HE also requires the exclusion of other causes of brain dysfunction, especially in patients that do not promptly respond to anti-HE therapy. Despite controversial reports, ammonia (measured in the blood) may be a reliable marker for HE in patients with advanced liver diseases, as long as clinicians remain aware of the significant interindividual variation in its blood concentrations; also, 10% of patients with overt HE exhibit blood ammonia values within the normal range. Meanwhile, magnetic resonance imaging is capable of detecting alterations typical for HE, such as a decrease of brain volume and/or paramagnetic spot signals in the basal ganglia area. Diagnostics based on computed tomography may also be useful to confirm or rule out infarction, hemorrhage, abscess formations, or tumors. Furthermore, an electroencephalogram may detect some quite common but usually not specific wave patterns for HE [50] . According to the West Haven classification, severity of HE can be assessed by using four grades. However, based on the (more recent) SONIC classification, which has been introduced by the International Society for Hepatic Encephalopathy and Nitrogen Metabolism, minimal and grade 1 HE represent a 'covert HE' while the 'clinically apparent HE' encompasses grade 2-4 HE [54] . The clinical management of patients with HE requires a wide and rigorous differential screening for other causes of encephalopathy and identification of triggers for HE (table 2) . Specific therapies for HE (table 3) are often initiated along with treatment of the triggering factors such as gastrointestinal bleeding, toxic medications, electrolyte disorders, and renal dysfunction (table 2) [55] . Cirrhotic patients with HE should have a daily protein intake of 1.2-1.5 g/kg body weight in order to prevent further sarcopenia and thus progress to cachexia. Patients with severe HE should be supplemented with branched-chain amino acids and only low amounts of aromatic amino acids to improve/prevent HE symptoms [62] .
Immune Dysfunction
Both bacterial antigens, e.g. pathogen-associated molecular patterns (PAMP), and endogenous molecules expressed upon cell injury, e.g. damage-associated molecular patterns (DAMP), can trigger SI. Interaction between PAMP or DAMP and the innate immune system via specific receptors drives the systemic release of inflammatory mediators. An excessive inflammatory activity also seems to play a crucial role in acute alcoholic hepatitis and/or other settings of acute liver damage [36] . In addition, a 'leaky gut' favoring translocation of bacteria towards the bloodstream along with a gradually impaired hepatic clearance capacity for bacterial antigens, such as lipopolysaccharide (LPS) or endotoxin, may induce activation of toll-like receptor (TLR) pathways, and, thus, further enhance SI that accelerates fibrogenesis and progression to liver cirrhosis [63] . This, in turn, boosts cytokine secretion along with an ongoing synthesis of reactive oxygen species (ROS), thereby forming a vicious circle in the development of intestinal inflammation and tissue hyperpermeability [64, 65] . In this light, it is reasonable to assume that some beneficial effects of albumin administration in cirrhotic patients with SBP and/or type-1 HRS might be largely attributable to its anti-inflammatory and antioxidative stress properties [36] . This hypothesis gains considerable support by recent studies in patients with cirrhosis and SBP reporting that combined treatment with intravenous albumin and an antibiotic reduces the risk for renal dysfunction/failure and mortality in comparison to therapy with a single antibiotic [39] . Last but not least, clinical investigations, which clearly identified white blood cell count and C-reactive protein (CRP) as independent predictors of in-hospital survival, add great evidence to the prognosis-relevant role of SI [64, 65] . More information on 'immune dysregulation' is given by Lange and Moreau [66] in this focus issue of Visceral Medicine.
Infection and/or Sepsis
Liver cirrhosis is a serious risk factor for hospitalization due to infection and for sepsis-related mortality; in patients with advanced liver disease, prevalence of in-hospital infections amounts to 25-35% and to approximately 60% in patients admitted to the ICU [67] [68] [69] . In comparison to other ICU patient groups, the presence of liver cirrhosis renders subjects acquiring infections more susceptible to multi-system organ failure due to septic shock [69] . Overall (listing the types of infections from most to least frequent), cirrhotic patients are prone to develop SBP, urinary tract infections, pneumonia, bacteremia, and skin/soft tissue infections [70] . In the ICU, pneumonia represents the most common septic trigger observed in association with liver cirrhosis; here, fungal infections represent a particularly life-threatening scenario [67, 68, 71] . Infection and pathogen surveillance programs identified gram-positive cocci as the most likely cause of nosocomial infections in association with invasive diagnostic and/or therapeutic procedures [67] [68] [69] . In contrast, gram-negative bacilli are responsible for approximately 60% of all community-acquired infections [67, 68, 71] . During the past 10 years, prevalence of nosocomial infections involving multiresistant bacteria has increased from 10% to 20-25%. In the same period, multiresistant strains could be detected in up to 40% of cirrhotic patients diagnosed with nosocomial infections; this trend likely provides a rational explanation for the sharp rise in mortality, i.e. a two-fold increase, within the last decade [67, 68] .
Based on Sepsis-3 criteria, sepsis is defined as severe organ dysfunction triggered by a dysregulated biological response to infection [72] [73] [74] . Organ dysfunction is defined as an increase of 2 points in the Sequential Organ Failure Assessment (SOFA) score [72] [73] [74] (table 4) . Currently under investigation Flumazenil (synthetic benzodiazepine antagonist) [59] Pre-/probiotics [60] Fecal microbiome transfer [61] In patients with liver cirrhosis and sepsis, intensive care therapy is aimed to restore organ perfusion (as described above) along with fast identification and elimination of the infectious site(s) and trigger(s). More information on this particular aspect can be found in the contribution by Engelmann and Berg [75] in this focus issue of Visceral Medicine.
Conclusion
Due to an increased susceptibility and vulnerability to multisystem organ failure, ICU patients with liver diseases require special attention and their management demands effective collaboration between intensive care physicians, hepatologists, kidney and infectious disease specialists, and transplant experts. In the last decade, our knowledge in the overlapping area of hepatology and critical care expanded and strategies for diagnostics and therapeutic interventions improved. In the future, more controlled trials will be able to drive the evolution of our skills in this field from cutting-edge medicine to standardized clinical practice.
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